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0LFURSRODU IOXLGV DUH IOXLGV ZLWKPLFUR VWUXFWXUH EHORQJLQJ WR D FODVV RI IOXLGV ZLWK QRQV\PPHWULFDO VWUHVV
WHQVRU UHIHUUHG WR DV SRODU IOXLGV 3K\VLFDOO\ WKH\ UHSUHVHQW IOXLGV FRQVLVWLQJ RI UDQGRPO\ RULHQWHG SDUWLFOHV
VXVSHQGHGLQDYLVFRXVPHGLXPDQGWKH\DUHLPSRUWDQWWRHQJLQHHUVDQGVFLHQWLVWVZRUNLQJZLWKK\GURG\QDPLFIOXLG
SUREOHPVDQGSKHQRPHQD+D\DWHWDO>@LQYHVWLJDWHGWKHHIIHFWVRIDQHQGRVFRSHRQSHULVWDOWLFIORZRIPLFURSRODU
IOXLG  3HULVWDOWLF PRWLRQ RI PLFURSRODU IOXLG LQ D FLUFXODU F\OLQGULFDO WXEH ZLWK HODVWLF ZDOO SURSHUWLHV KDV EHHQ
VWXGLHGE\0XWKXHWDO>@0DUXWKL3UDVDGHWDO>@VWXGLHGWKHHIIHFWRISHULSKHUDOOD\HURQSHULVWDOWLFWUDQVSRUWRI
DPLFURSRODUIOXLG
1DQR IOXLG LV D IOXLG FRQWDLQLQJ QDQRPHWHUVL]HG SDUWLFOHV FDOOHG QDQR SDUWLFOHV 7KH QDQR SDUWLFOHV XVHG LQ
QDQR IOXLGVDUH W\SLFDOO\PDGHRIPHWDOVR[LGHV FDUELGHVRUFDUERQQDQR WXEHV7KHVH IOXLGVDUHXVHIXO LQPDQ\
DSSOLFDWLRQVLQKHDWWUDQVIHULQFOXGLQJPLFURHOHFWURQVIXHOFHOOVSKDUPDFHXWLFDOSURFHVVHWF,QHQJLQHHULQJGHYLFHV
WKHVH IOXLGVKDYHEHHQZLGHO\XVHGIRUHQJLQHFRROLQJYHKLFOH WKHUPDOPDQDJHPHQWGRPHVWLF UHIULJHUDWRUFKLOOHU
KHDWH[FKDQJHUDQGQXFOHDUUHDFWRULQJULQGLQJLQPDFKLQLQJLQVSDFHDQGLQ%RLOHUIOXHJDVWHPSHUDWXUHUHGXFWLRQ




1DGHHP HW DO >@ VWXGLHG HIIHFWV RI KHDW DQGPDVV WUDQVIHU RQ SHULVWDOWLF IORZRI D QDQRIOXLG EHWZHHQ HFFHQWULF
F\OLQGHUV
,WLVNQRZQWKDWPDQ\GXFWVLQSK\VLRORJLFDOV\VWHPVDUHQRWKRUL]RQWDOEXWKDVVRPHLQFOLQDWLRQZLWKWKHD[LV




PDVV WUDQVIHU HIIHFW LQ DQ LQFOLQHG WXEH XQGHU WKH DVVXPSWLRQ RI ORQJ ZDYHOHQJWK DQG ORZ 5H\QROGV QXPEHU LV
LQYHVWLJDWHG 7KH UHVXOWLQJ HTXDWLRQV RI WKH WHPSHUDWXUH SURILOH DQG QDQR SDUWLFOH SKHQRPHQD DUH VROYHG XVLQJ
KRPRWRS\ SHUWXUEDWLRQ WHFKQLTXH 7KH DQDO\WLFDO VROXWLRQV RI YHORFLW\ SUHVVXUH ULVH IULFWLRQDO IRUFHPHFKDQLFDO





FRQVWDQW VSHHGܿଵ  DPSOLWXGHܾ DQG ZDYH OHQJWKߣ $OVR DVVXPH WKDW WKH WXEH LV LQFOLQHG DW DQ DQJOHߙZLWK WKH
KRUL]RQWDOD[LV ,Q WKLVDFFRXQWKHDW WUDQVIHUDORQJZLWKQDQRSDUWLFOHSKHQRPHQDKDVEHHQFRQVLGHUHG6\PPHWU\
FRQGLWLRQLVXVHGRQERWKWKHWHPSHUDWXUHDQGQDQRSDUWLFOHSKHQRPHQDDWWKHFHQWHURIWKHWXEHZKLOHWKHZDOOVRI
WKHWXEHPDLQWDLQWHPSHUDWXUH ௢ܶഥ ܽ݊݀QDQRSDUWLFOHYROXPHIUDFWLRQܥҧ௢&\OLQGULFDOSRODUFRRUGLQDWHV\VWHPሺܴǡ ߠǡ ܼሻ
LV FKRVHQ VR WKDWܼ െD[LV FRLQFLGHVZLWK WKH FHQWHU OLQH RI WKH WXEH DQGܴLV WUDQVYHUVH WR LW )XUWKHU WKH IORZ LV
DVVXPHGWREHD[LV\PPHWULF7KHJHRPHWU\RIWKHZDOOVXUIDFHLVJLYHQE\

ܴ ൌ ܪሺݖǡ ݐሻ ൌ ܽ ൅ ܾܵ݅݊ ଶగఒ ሺܼ െ ܿଵݐሻ        
%\XVLQJWKHWUDQVIRUPDWLRQ
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
IURPVWDWLRQDU\ZDYHWRPRYLQJIUDPHDQGLQWURGXFLQJWKHIROORZLQJQRQGLPHQVLRQDOTXDQWLWLHV
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:KHUHFDQGFDUHDUELWUDU\FRQVWDQWVDQGFDQEHGHWHUPLQHGXVLQJERXQGDU\FRQGLWLRQVRQݓ௭
7KHGLPHQVLRQOHVVIOX[LQWKHPRYLQJIUDPHLVJLYHQE\
ݍ ൌ ׬ ʹݎݓ௭݀ݎ௛଴            
6XEVWLWXWLQJHTXDWLRQ  LQHTXDWLRQ ZHJHW WKHH[SUHVVLRQ IRU T IURPZKLFKௗ௣ௗ௭FDQEHFDOFXODWHG $V WKH
H[SUHVVLRQV IRU T DQGௗ௣ௗ௭DUH OHQJWK\ WKH\ DUH QRW SUHVHQWHG KHUH  7KH SUHVVXUH GURSRYHU WKHZDYHOHQJWKο ఒܲLV
GHILQHGDV
ο ఒܲ ൌ െ׬ ௗ௉ௗ௭ ݀ݖ
ଵ
଴ Ǥ          
6XEVWLWXWLQJWKHH[SUHVVLRQௗ௣ௗ௭LQHTXDWLRQZHJHW
ο ఒܲ ൌ ݍܮଵ ൅ ܮଶǤ          
:KHUHܮଵ ൌ ׬ ିଵௌ ݀ݖ
ଵ
଴           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ͷ͹͸൅݄ͷͻͲͲെ݄͸ʹͺͺ݀ݖ        
)ROORZLQJWKHDQDO\VLVRI6KDSLURHWDO>@WKHWLPHDYHUDJHGIOX[RYHUDSHULRGLQWKHODERUDWRU\IUDPH തܳ LVJLYHQ
E\
തܳ ൌ ͳ ൅ אమଶ ൅ ݍ           
6XEVWLWXWLQJHTXDWLRQLQHTXDWLRQZHJHW
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
0HFKDQLFDO(IILFLHQF\
0HFKDQLFDOHIILFLHQF\ LV WKH UDWLRRI WKHDYHUDJH UDWHSHUZDYHOHQJWKDWZKLFKZRUN LVGRQHE\ WKHPRYLQJ
IOXLGDJDLQVWDSUHVVXUHKHDGDQGWKHDYHUDJHUDWHDWZKLFKWKHZDOOVGRZRUNRQWKHIOXLG,WLVGHULYHGDV

ܧ ൌ െ ொതο௣ଶగఢቀି׬ ೏೛೏೥ௌ௜௡ଶగ௭ௗ௭ିചరభబ ο௣ାചర ׬ ೏೛೏೥஼௢௦ଶగ௭ௗ௭భబ ቁ




ܼఏሺݎǡ ݖሻ ൌ ቀడ௛డ௭ቁ ቀ
డఏ






,Q WKLV VHFWLRQ ZH GLVFXVV WKH HIIHFWV RI GLIIHUHQW SK\VLFDO SDUDPHWHUV RQ WKH SUHVVXUH GURSο ఒܲሻǡIULFWLRQDO
IRUFH ሺܨതሻ  PHFKDQLFDO HIILFLHQF\ ሺܧሻ  WHPSHUDWXUH SURILOH ሺߠሻ  QDQR SDUWLFOH SKHQRPHQRQ ሺߪሻ  KHDW WUDQVIHU
FRHIILFLHQWሺܼఏሻDQG PDVV WUDQVIHU FRHIILFLHQWሺܼఙሻ 7KUHH GLPHQVLRQDO DQDO\VLV LV DOVR PDGH IRU WR PHDVXUH WKH




7KH HIIHFWV RI YDULRXV SDUDPHWHUV OLNH PLFURSRODU SDUDPHWHU ݉ FRXSOLQJ QXPEHU ܰ LQFOLQDWLRQ ߙ 
%URZQLDQ PRWLRQ SDUDPHWHU  ௕ܰ  DQG WKHUPRSKRUHVLV SDUDPHWHU  ௧ܰሻRQ WKH SUHVVXUH GURS ο ఒܲሻDUH VKRZQ LQ
ILJXUHV ,W LV REVHUYHG IURP )LJ  WKDW DV WKH WLPH DYHUDJHG IOX[ሺ തܳሻLQFUHDVHV SUHVVXUH GURS ο ఒܲሻ
GHFUHDVHVZLWKWKHLQFUHDVHRIPLFURSRODUSDUDPHWHU݉DQGFRXSOLQJQXPEHUܰ,W LVQRWLFHGIURP)LJWKDW





 ௧ܰ ൌ ͲǤͺǡ ௕ܰ ൌ ͲǤ͵ǡ 
୰ ൌ ͶǤͷǡ ୰ ൌ ͶǤ͵ǡ ߙ ൌ ͵Ͳ଴ǡ ߳ ൌ
ͲǤͶǡ ܨ ൌ ͲǤͳሻ

)LJ(IIHFWRI തܳDQG ௧ܰǡ ௕ܰ ǡ ߙRQሺο ఒܲሻሺ
୰ ൌ ͶǤͷǡ ୰ ൌ
ͶǤ͵ǡ ߳ ൌ ͲǤ͹ǡ ܨ ൌ ͲǤͳǡܰ ൌ ͲǤͳǡ݉ ൌ ͳǤʹሻ
)ULFWLRQDO)RUFH
7KHHIIHFWVRIYDULRXVSDUDPHWHUVRQWKHDEVROXWHYDOXHRIWKHIULFWLRQDOIRUFHሺȁܨതȁሻDUHVKRZQLQ)LJV
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,W LV LQWHUHVWLQJ WR REVHUYH WKDW DV WKH WLPH DYHUDJHG IOX[ሺ തܳሻLQFUHDVHV DEVROXWH YDOXH RI WKH IULFWLRQDO IRUFH




)LJ(IIHFWRI തܳDQG݉ǡܰRQܨതሺ ௕ܰ ൌ ͲǤ͵ǡ ௧ܰ ൌ ͲǤͺǡ 
୰ ൌ
ͶǤͷǡ ୰ ൌ ͶǤ͵ǡ ߳ ൌ ͲǤͺǡ ܨ ൌ ͲǤͳǡ ߙ ൌ ͵Ͳ଴ሻ

)LJ(IIHFWRI തܳDQG ௧ܰ ǡ ௕ܰ ǡ ߙRQܨതܰ ൌ ͲǤʹǡ 
୰ ൌ ͶǤͷǡ ୰ ൌ




HIILFLHQF\ሺܧሻGHFUHDVHV ZLWK WKH LQFUHDVH RI PLFURSRODU SDUDPHWHUሺ݉ሻDQG LQFUHDVHV ZLWK FRXSOLQJ QXPEHUሺܰሻ















)LJ(IIHFWRI തܳDQG݉ǡܰRQܧ ௕ܰ ൌ ͲǤ͵ǡ ௧ܰ ൌ ͲǤͺǡ 
୰ ൌ














)LJ(IIHFWRI തܳDQG ௧ܰ ǡ ௕ܰ ǡ ߙRQܧܰ ൌ ͲǤʹǡ 
୰ ൌ ͲǤͷǡ ୰ ൌ
ͲǤ͵ǡ ߳ ൌ ͲǤͺǡ ܨ ൌ ͲǤͳǡ݉ ൌ ʹǤʹሻ

+HDW7UDQVIHU&RHIILFLHQW
)LJV LQGLFDWH WKH YDULDWLRQ RI KHDW DQGPDVV WUDQVIHU FRHIILFLHQWሺܼఏሻIRU YDULRXV YDOXHV RI %URZQLDQ
PRWLRQSDUDPHWHUሺ ௕ܰሻWKHUPRSKRUHVLVSDUDPHWHUሺ ௧ܰሻDQGDPSOLWXGHUDWLRሺ߳ሻ)URP)LJVWKHYDOXHRIWKH
KHDW WUDQVIHU FRHIILFLHQWሺܼఏሻGHFUHDVHV ZLWK %URZQLDQ PRWLRQ SDUDPHWHUሺ ௕ܰሻDQG WKHUPRSKRUHVLV SDUDPHWHUሺ ௧ܰሻ














ZLWK߳ܼ ൌ ͲǤʹǡ ௧ܰ ൌ ͲǤͺǡ ௕ܰ ൌ ͲǤ͵ሻ

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0DVV7UDQVIHU&RHIILFLHQW
)LJV  LOOXVWUDWH WKH HIIHFW RI YDULRXV SDUDPHWHUV RQPDVV WUDQVIHU FRHIILFLHQWሺܼఙሻ ,W LV LQWHUHVWLQJ WR
REVHUYH WKDW PDVV WUDQVIHU FRHIILFLHQW ሺܼఙሻ LQFUHDVHV ZLWK WKH LQFUHDVH RI %URZQLDQ PRWLRQ SDUDPHWHU ሺ ௕ܰሻ 




)LJ  9DULDWLRQ LQ 0DVV WUDQVIHU
























ሺ߳ ൌ ͲǤʹǡ തܳ ൌ െͳǤͷǡܰ ൌ ͲǤͺǡ݉ ൌ ͲǤͺǡ ܩ௥ ൌ ͲǤͷǡ ܤ௥ ൌ ͲǤͷǡ ߙത ൌ ͵Ͳ଴ǡ ௕ܰ ൌ ͷǡ ܨ ൌ ͲǤͳሻ
&RQFOXVLRQV
7KHFRQFOXVLRQVRIWKLVSDSHUDUH
7KHSUHVVXUHGURSGHFUHDVHVZLWK WKH LQFUHDVHRIPLFURSRODUSDUDPHWHUDQGFRXSOLQJQXPEHU ,W LQFUHDVHV
ZLWK%URZQLDQPRWLRQSDUDPHWHUWKHUPRSKRUHVLVSDUDPHWHUDQGLQFOLQDWLRQ
7KH DEVROXWH YDOXH RI WKH IULFWLRQDO IRUFH LQFUHDVHV ZLWK WKH LQFUHDVH RIPLFURSRODU SDUDPHWHU FRXSOLQJ
QXPEHU%URZQLDQPRWLRQSDUDPHWHUWKHUPRSKRUHVLVSDUDPHWHUDQGLQFOLQDWLRQ
0HFKDQLFDO HIILFLHQF\ LQFUHDVHV ZLWK WKH LQFUHDVH RI FRXSOLQJ QXPEHU %URZQLDQ PRWLRQ SDUDPHWHU
WKHUPRSKRUHVLVSDUDPHWHUDQGLQFOLQDWLRQDQGGHFUHDVHVZLWKPLFURSRODUSDUDPHWHU
7HPSHUDWXUH SURILOH DQG QDQRSDUWLFOH SKHQRPHQRQ LQFUHDVHV ZLWK WKH LQFUHDVH RI %URZQLDQ PRWLRQ
SDUDPHWHUDQGWKHUPRSKRUHVLVSDUDPHWHU
+HDW WUDQVIHU FRHIILFLHQW GHFUHDVHV DW DWWDLQV D FRQVWDQW YDOXH DQG WKHQ LQFUHDVHV ZLWK WKH LQFUHDVH RI
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%URZQLDQPRWLRQSDUDPHWHUWKHUPRSKRUHVLVSDUDPHWHUZKHUHDVLQFUHDVHVDWDWWDLQVDFRQVWDQWYDOXHDQGWKHQ
GHFUHDVHVZLWKDPSOLWXGHUDWLR
 0DVV WUDQVIHU FRHIILFLHQW LQFUHDVHV DW DWWDLQV D FRQVWDQW YDOXH DQG WKHQ GHFUHDVHV ZLWK WKH LQFUHDVH RI
%URZQLDQPRWLRQSDUDPHWHUWKHUPRSKRUHVLVSDUDPHWHUDQGDPSOLWXGHUDWLR
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>@ -++H$SSOLFDWLRQRIKRPRWRS\SHUWXUEDWLRQPHWKRGWRQRQOLQHDUZDYHHTXDWLRQV&KDRV6ROLWRQV	)UDFWDOV±

>@ $+6KDSLUR0<-DIIULQ6/:HLQEHUJ3HULVWDOWLFSXPSLQJZLWKORQJZDYHOHQJWKVDWORZ5H\QROGVQXPEHU-RXUQDORI)OXLG
0HFKDQLFV±
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